population. Average life expectancy is clearly increasing (from 40 years in 1950 to 72 years in 2006), and it is expected that the total population aged >60 years will increase from 8% in 2009 to 15 .4% in 2030. The proportion of the population aged >75 years had increased to 2.3% in 2009 and is predicted to be 3.8% in 2030. 1, 3 An increasingly old and ill population will require treatment in ICUs more frequently, and their management will pose a serious challenge to the treating intensivists. Early recognition of patients at high risk of mortality and other negative health outcomes is therefore needed, not only in order to plan care in advance and inform patients about prognosis and treatment, but also to control healthcare costs.
Morocco is a country of 32 million inhabitants in North Africa. The health budget makes up 1.1% of the gross domestic product and 5.5% of the central government budget. 4 Morocco has inadequate numbers of doctors (0.5 per 1 000 people) and hospital beds (1.0 per 1 000 people), as well as poor access to treated water (82% of the population have poor access to treated water) and sanitation (75% of the population have poor access to sanitation). The healthcare system includes 122 hospitals, 2 400 health centres and 4 university clinics, but they are poorly maintained with inadequate capacity to meet the demand for medical care. 4 Only 24 000 beds are available for the 6 million patients who seek care each year, including 3 million emergency cases. 4 Morocco has two major health sectors, public and private, which are regarded as complementary rather than competitive. Patients may choose whether to attend primary or secondary public or private care. The majority of Moroccans in employment pay for health insurance, which covers most but not all health expenses in the public and private sectors. This health insurance remains valid after people reach pensionable age.
Many studies have evaluated the outcomes of elderly patients admitted to ICUs in Western countries, [5] [6] [7] but little is known about outcomes of such patients admitted to ICUs in Morocco, an Arab country where cultural values and socio-economic standards differ from those in Western countries. The aims of the present study were to analyse the characteristics of elderly Moroccan patients (aged ≥65 years) admitted to a medical ICU, and to identify factors predicting death in the ICU.
Materials and methods

Study design and setting
The study was a retrospective analysis conducted in the medical ICU of Rabat University Hospital, a university hospital and the referral hospital for inhabitants of north-western Morocco. A clinical database of all consecutive admissions to a 12-bed medical ICU was collected for the 2-year study period from January 2005 to 31 December 2006. The 12-bed medical ICU admits approximately 550 patients a year, with an average age of 40 years. The unit is staffed by 6 senior physicians (who have worked in the ICU for more than 2 years) and 6 junior physicians (who have worked there for less than 2 years). Patients were admitted either from the emergency unit or from another department.
Inclusion and exclusion criteria
We included all patients aged ≥65 years, whatever their length of stay. Patients with incomplete records were excluded. Approval for the study from the local ethics committees was discussed but not required.
Data collection
The following data were recorded for each patient: age, gender, co-morbidity, primary reason for the ICU admission, underlying disease, presence of infection, clinical and laboratory data required for determination of the severity of illness and organ dysfunction, and survival status (death or discharge from the ICU). Severe chronic diseases included chronic heart and respiratory disease, renal failure and cirrhosis of the liver. A history of smoking or alcohol use was also recorded. To assess health status on the first day in the ICU, severity of illness and organ dysfunction were measured using the Acute Physiology and Chronic Health Evaluation II (APACHE II), 7 Simplified Acute Physiology Score II (SAPS II), 8 Sequential Organ Failure Assessment (SOFA) 9 and Logistic Organ Dysfunction System (LODS) 10 scores. Dysfunction of 6 organ systems (cardiovascular, neurological, respiratory, coagulation, renal and hepatic) was assessed on day 1 using the SOFA score. The pre-sedation Glasgow Coma Scale was used to evaluate the level of consciousness in patients under sedation. Further data analysed included the use of mechanical ventilation and vaso-active drugs, and occurrence of an infection acquired in the ICU. Length of stay in the ICU was assessed as the number of days from admission to the ICU to discharge from the ICU. If a patient was readmitted to the ICU during the same hospitalisation, only data from the first admission were analysed. The main outcome measure used was survival status (death or ICU discharge).
Statistical analyses
Statistical analyses were performed using the Statistics Package for Social Scientists (SPSS; Windows version 13.0. Continuous variables were presented as means (standard deviation (SD)) or as medians with 25th -75th percentiles. Categorical variables were expressed as actual numbers and percentages. Characteristics of patients were compared using chi-square analysis for categorical variables and the t-test for continuous variables. Variables were assessed in the groups of patients stratified according to age (65 -74 and ≥75 years) and survival status. Kaplan-Meier survival curves were used to visually compare the survival status of all elderly subjects stratified by length of stay. Receiver operating characteristic (ROC) curves were used to clarify the power of discriminant scores of gravity. The areas under the curves (AUCs) were calculated and compared using the non-parametric method of Hanley. Multivariate logistic regression analysis was applied to determine the independent contribution of clinical variables to the prediction of ICU mortality as a dependent variable. Variables that had a significant association with mortality to a value of p<0.05 on univariate analysis were entered into a stepwise logistic regression analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) were used to estimate the independent determinants of ICU mortality. P-values <0.05 were considered significant for all tests.
Results
Characteristics of the study sample
During the study period, 1 072 patients were admitted to the ICU, of whom 200 were older than 65 years; 21 of these patients were excluded because of incomplete records, and the remaining 179 were enrolled into the study. Fifty-five per cent of these patients were male, and 78% were admitted via the emergency room. The A comparison of all previous demographics and illness-related variables of the patients studied, divided into two groups according to their age (cut-off point 75 years), revealed no statistically significant differences. The characteristics of all the elderly patients and comparisons of subgroups according to survival status are shown in Table 1 .
Factors predicting mortality
The global ICU mortality of the elderly patients was 44.7%, and 63.8% of those who died did so in the 5 days following admission (Fig. 1) . However, the mortality rate in patients aged <70 years was not significantly different to that in those aged 70 -75 years and >75years. The Kaplan-Meier survival curve of ICU patients divided into the 3 age groups revealed no statistically significant differences in mortality rates (Fig. 2) . On univariate analysis, the factors predicting mortality were heavy alcohol use (p=0.09), pneumonia (p≤0.001), shock (p=0.001), dehydration (p=0.007), urine output ≤0.5 cc/kg/h (p=0.003), serum urea level >16.6 mmol/l (p=0.01), and serum creatinine level >159 µmol/l (p=0.005). Severity of illness as assessed by the APACHE II, SAPS II, and LODS scores also predicted mortality (p<0.001 for all). The SOFA and APACHE II scores had better ability to predict mortality than SAPS II, with AUCs of 0.775 (SD ±0.036) and 0.757 (SD ±0.037), respectively (Fig. 3) . The results of multivariate analysis are shown in Table 2 .
Discussion
The median age of our patients was 72 years, with a small proportion of very elderly (≥85 years); this reflects the Moroccan demographic profile. Severity of illness, shock and pneumonia on admission to the ICU were the independent risk factors of mortality. Many studies have evaluated elderly patients in ICUs in Western countries. [5] [6] [7] This article reports the results of the first study analysing the characteristics and outcomes of older patients (aged ≥65 years) admitted to a medical ICU in Morocco. To our knowledge, no data from low-or middle-income countries have been reported, and our findings are more likely to be applicable to such countries than findings of studies in developed countries.
The ICU mortality of elderly patients was 44.7%. Severity of illness, shock and pneumonia were associated with poor prognosis. Many investigations have shown that age alone is not associated with poor prognosis in the ICU. 5, 7, 12 Other factors, including patient selection criteria, primary disease, co-morbidity, severity of illness and complications, significantly influence outcome. 5, [13] [14] [15] Infectious disease was the leading cause of hospitalisation in our unit, irrespective of age. 16 This could explain the predominance of infectious diseases, which were present in more than half of admissions (54.2%), and their causal relationship with mortality, especially from pneumonia. The incidence of pneumonia in the elderly is higher than in younger populations. 17 As a result of a complex array of factors, the development of pneumonia in elderly patients differs from that in younger individuals. 17 The most common cause of sepsis in elderly patients is respiratory tract infection, followed by genito-urinary tract infection. 18 However, sepsis in the elderly may be more severe and present differently from that in younger patients. 19 The SOFA and APACHE II scores demonstrated the best ability to assess severity of illness in elderly patients. The SAPS II score is significantly influenced by age and part of this score may be due to age-related points in this system. 11 Despite the weighting for age, SAPS II had the smallest AUC, indicating that it had the poorest predictive utility of the scores used.
Analysis of the three age groups revealed no significant differences in mortality rate. Across age categories, the Kaplan-Meier survival curves were remarkably similar. Mean ICU length of stay was 6.6 (SD 6) days for all admissions, and the figures for survivors and non-survivors were similar. While 64% of deaths occurred during the first 5 days after ICU admission, the patients died earlier during hospitalisation. This severe and rapidly fatal disease trajectory may be explained by delays in seeking medical care. The presenting symptoms of pneumonia in the elderly can be subtle and difficult to recognise. 17 Fever is frequently absent, and delirium or alteration of functional physical capacity may be the only manifestations. 17 Delay in seeking care can also be related to limited education, use of alternative medicine and financial constraints. Some patients may refuse to seek early medical care, attributing their deteriorating health to advanced age rather than reversible disease. Some elderly patients may also expect to die and be unwilling to receive treatment that will prolong the process.
In our elderly population, mortality rates were similar regardless of the age group. An increased incidence of sepsis with age, with the mean age at which severe sepsis develops being around 60 years, has been reported. 20, 21 However, mortality rates associated with severe sepsis also increase with increasing age, with highest mortality in the very old (>85 years of age). 21, 22 The lack of significant differences between the groups of elderly patients in our study could be related to the small proportion of very elderly subjects.
Our study has several limitations. Firstly, it was conducted at a single institution with a specific case-mix of ICU patients. Secondly, no surgical patients were enrolled because of the specificity of our medical ICU. Thirdly, the study was retrospective, resulting in 21 patients being excluded because of incomplete records. Fourthly, there was a small proportion of very elderly patients. Finally, we did not assess the impact of pre-hospitalisation functional status.
Conclusion
Admission of elderly patients to the ICU raises important medical, ethical, sociological and economic questions. Our findings suggest that severity of illness, shock and pneumonia on admission to the ICU, but not age, were the independent risk factors associated with high death rates and earlier ICU mortality. Sepsis is an important cause of morbidity and mortality in the older population in our setting. Future longitudinal studies of long-term survival and functional status are needed to evaluate the effectiveness of critical care in the very elderly. 
